A TOTAL of 28 crossbred wethers were used in two experiments to determine the digestibilty of hydrogenated tallow-, saturated fatty acids-and soybean oil-supplemented diets. Digestibility values for individual fats were determined by subtracting from total dietary lipid and fecal output the dietary and fecal lipids measured with basal diets. In the first experiment addition of 3% flaked, hydrogenated tallow to a basal diet resulted in lower digestibility (34%) for the tallow compared with soybean oil (98%).
Summary
A TOTAL of 28 crossbred wethers were used in two experiments to determine the digestibilty of hydrogenated tallow-, saturated fatty acids-and soybean oil-supplemented diets. Digestibility values for individual fats were determined by subtracting from total dietary lipid and fecal output the dietary and fecal lipids measured with basal diets. In the first experiment addition of 3% flaked, hydrogenated tallow to a basal diet resulted in lower digestibility (34%) for the tallow compared with soybean oil (98%).
In the second experiment, hydrogenated tallow was added to a basal diet at approximately the 4.8% level either in dry flaked form or melted and mixed (blended) into the concentrate portion of the basal diet. A further treatment comparison involved addition of saturated free fatty acids at approximately the 4.8% level to the basal diet. Tenday digestion trials were conducted starting at 10 and again at 35 days of this experiment to measure adaptation of sheep to fat-supplemented diets. Melting and mixing the tallow into the diet resulted in significant (P<.01) improvement in digestibility over flaked tallow (40% vs. 30%). Saturated fatty acids were significantly (P<.01) better digested (73%) than either form of tallow. Blood plasma lipid fatty acid levels of sheep reflected these differences in digestibility after 33 days on feed.
It is suggested that the hydrogenation process results in tallow with physical form which resists dispersion and hydrolysis in the rumen and solubilization in the small intestine.
Additions of soybean oil, saturated fatty acids and hydrogenated tallow tended to lower digestibilities of crude fiber and acid detergent fiber. The decreases were significant Introduction Recently observed differences in blood lipid levels and milk composition of dairy cows fed either hydrogenated tallow or soybean oil suggest that soybean oil is better assimilated than hydrogenated tallow (Macleod, Wood and Yao, 1972) . Several reports indicate that animal tallow rich in palmitic, stearic and oleic acids compares favorably in digestibility with vegetable oils (Esplin et al., 1963; Roberts and McKirdy, i964; Andrews and Lewis, 1970a) . However, little information is available concerning the digestibility of highly saturated fats by functional ruminants. Therefore, the first objective of this study was to compare digestibility of hydrogenated tallow with soybean oil as used in recent studies (Macleod et al., 1972) . Lough (1970) in his review of lipid digestion in the ruminant stressed that micellar solubilizafion of long chain saturated acids is prerequisite to their absorption in the sheep and suggested that dispersion of fatty acids in the digesta is critical. In view of this and of conflicting reports on digestibilty of saturated fatty acids (Steele and Moore, 1968; Andrews and Lewis, 1970b) , a further objective of this study was to compare digestibilities of hydrogenated tallow added to feeds in two physical forms and digestibility of a mixture of saturated free fatty acids. The present study was designed to test in addition the suggestion of Andrews and Lewis (1970a) that an adaptation period longer than that conventionally allowed is required before determining digestibility of fats. Water was available at all times. A 4-day crate-adjustment period and a 14-day preliminary feeding period preceded a 10-day collection trial during whiCh time feces and urine were collected and feed and feces sampled using standard methods. Proximate analyses were conducted on feeds and feces by A.O.A.C. (1965) . Acid detergent fiber was determined by the procedure of Van Soest (1963) . Fecal lipids were extracted according to the method of Van de Kamer, ten Bokkel Huinink and Weijers (1949) and included fatty acids excreted as soaps. Methyl esters were prepared by the method of Bayley and Lewis (1965) . Fatty acid compositions of extracted lipids were determined by gas chromatography. Analyses of variance and Tukey's ~o-procedure were used to compare treatment effects according to Steel and Torrie (1960) . Experiment 2. Sixteen crossbred wethers of 30 to 35 kg live weight were accustomed to a basal diet over a 14-day period in advance of the experiment. Ten-day digestion trials were conducted starting at 10 days and again at 35 days following introduction of the experimental diets. Four sheep were randomly allotted to each of the four diets, these being basal, basal plus flaked hydrogenated tallow, basal plus blended hydrogenated tallow and basal plus blended fatty acids as shown in table 2. Rations were prepared by adding 40 g of hydrogenated tallow or fatty acids to 400 g of basal concentrate and mixing, the a Blended hydrogenated tallow and blended fatty acids refer to treatments in which tallow and fatty acids were melted prior to mixing in their respective diets. ground hay being added at time of feeding. Flaked hydrogenated tallow similar in composition to that used in experiment 1 was freely mixed in dry form with the concentrate whereas the blended hydrogenated tallow and blended fatty acids treatments refer to diets in which the lipids were melted prior to mixing with concentrates. The fatty acid mixture had an acid number of 206.6, an iodine value of 1.4 and consisted chiefly of palmitic and stearic acids, 47 and 46%, respectively. Feeds and feces were collected, sampled and analyzed as in experiment 1 with the exception that fecal lipids were extracted by the method described by Andrews and Lewis (1970a) . In addition, blood samples were drawn at 0, 13, 22, 34, and 46 days of the experiment from the jugular vein approximately 7 hr. after morning feeding. Total fatty acids of plasma lipids were determined as follows: plasma (0.25 ml) was saponified for 2 hr. at 100 C with 1 ml alcoholic KOH (5 % in methanol:water, 95 : 5). The alkaline solution was then neutralized with 1 ml of IN H2SO4. Fatty acids were extracted three times with 5 ml petroleum ether. Combined extracts were evaporated to dryness. Fatty acids were dissolved in chloroform and determined colorimetrically using the cupric nitrate: sodium diethyldithiocarbamate procedure of Kvam et al. (1964) . Statistical analyses of data were performed as described for Experiment 1.
Results
In experiment 1 ether extract digestibilities of basal and basal plus hydrogenated tallow diets were significantly (P<.01) lower than that of the soybean oil supplemented diet (table 3) . Furthermore, when digestibilities of added lipids per se were estimated by subtracting basal lipid input and output, soybean oil was significantly (P<.01) more digestible than hydrogenated tallow. Addition of the two lipid compounds lowered digestibilities of crude fiber and of acid detergent fiber, the effect being significant only by soybean oil on crude fiber. Digestibilities of crude protein and of nitrogen-free extract were not affected by addition of either fat.
The fatty acid composition of lipids in the basal and fat-supplemented diets and of fecal lipids excreted by sheep are shown in table 4. These results confirmed the expected fatty acid composition of the dietary lipids. The fatty acid composition of diets and feces contrasted with respect to proportions of C16:0 and C18 acids. Feed to feces changes included decreasing proportions of C18 unsaturated acids and commensurate increases of other acids. Approximately 25% of total fatty acids of feces from sheep fed basal or soybean diets were monounsaturated. Fatty acid composition of feces from tallow-fed sheep closely resembled that of the tallow added to the diet.
In experiment 2, a linear model containing parameters for acclimatization to dietary fat treatments and their interaction was tested. The reduction in sums of squares due to acclimatization and the interaction was found not to be significant except in the case of crude fiber (P<.05) which was approximately 3% more digestible after acclimatization on each dietary treatment. For the other digestion coefficients, the linear model was rewritten excluding the acclimatization to dietary fat and the interaction parameters and the observations were taken as the mean of the two experimental measurements.
Digestibility of flaked hydrogenated tallow was slightly lower in experiment 2 than in experiment 1 (table 5). The tallow in the two experiments was identical in composition but in experiment 2 it was added to a different basal diet and fed at somewhat higher level. Melting and blending the tallow in the concentrate portion of the basal feed significantly (P<.01) improved digestibility but not to a high level nor to that of the blended fatty acids (P<.01). Hydrogenated tallow significantly (P<.05) depressed digestibilities of dry matter and gross energy, whereas fatty acids lowered digestibility of dry matter and crude fiber. Fiber and protein digestibilities were not significantly (P<.05) affected by addition of tallow. The changes in fatty acid proportions from feed to feces in the second experiment were similar to those observed for basal and tallow treatments in experiment 1 (table 6). Fatty acid composition of the two tallow diets closely resembled one another as expected and fecal fatty acid proportions for these treatments were similar despite significantly different (P~.05) digestibilities of total lipid.
Further evidence of digestibility differences by treatment are evident from blood plasma fatty acids levels shown in table 7. Plasma fatty acid levels were significantly (P~.05) elevated at 46 days as a result of feeding tallow or saturated free fatty acids.
Discussion
The results of these experiments with flaked hydrogenated tallow are in marked contrast to most which have previously been obtained with animal tallow. For instance, digestibility values for tallow have been reported as follows using cattle: Bohman and Lesperance (1962), 94%; Esplin et al. (1963) , 93%; Roberts and McKirdy (1964) , 90%. Andrews and Lewis (1970a) reported tallow digestibility of 85% using sheep. It should be noted that these various workers used animal fat that was not as highly saturated as that fed in the present study. For example, Roberts and McKirdy (1964) fed a tallow in which less than 50% of the fatty acids were saturated. In the present study the tallow was over 99% saturated. The degree of saturation of dietary lipid would appear to critically affect digestibility by ruminants, as is known to be the case with other species (Carroll and Richards, 1958) . Young and Garrett (1963) observed in the chick that saturated fatty acid uptake was improved in the presence of unsaturated fatty acids. Andrews and Lewis (1970b) also observed that saturated acids in plant and marine oils had higher digestion to treatments in which tallow and fatty acids are melted prior to coefficients than these acids in the more saturated fats fed to sheep. Unsaturated fatty acids form micelles in the lumen of the small intestine more readily, and are able to solubilize greater quantities of free acids (Hoffman and Borgstrom, 1962) . It is tempting to postulate that assimilation of hydrogenated tallow was dramatically lowered by a lack of unsaturated fatty acids. However, flaked and blended tallow and fatty acid treatments were equally saturated, yet varied significantly in digestibility. A proposal of unsaturated fatty acid deficiency can at best only partially account for the low digestibility of hydrogenated tallow.
The process of hydrogenating tallow would appear to result in a fat whose physical form resists dispersion and solubilization in the gut. In contrast to normal animal fat the tallow was fed in flakes of 2 to 3 mm length which were hard and not greasy to the touch. The blending process, while not as successful in distributing tallow over the concentrate as when oil was added, did improve digestibilty to a modest but statistically significant extent and probably improved dispersion of fat in both ruminal and intestinal digesta. The superior results obtained with the fatty acid diet may be related to its unesterified form. It is possible that due to the level of feeding and physical form of the tallow a major portion of that fat escaped hydrolysis in the rumen. Miller and Cramer (1969) have measured appreciable differences among naturally occurring triglycerides in the percentage hydrolysis occurring in an in vitro system, tallow hydrolysis being lower than that which was observed with several of the more common vegetable oils. In contrast to nonruminants, drolyze fats in the rumen (Lough, 1970) . It :~ is suggested that their capacity to lipolize and solubilize triglycerides in quantity is limited. The decreased digestibility of crude fiber and acid detergent fiber with soybean oil feeding is consistent with results of a number of workers as rev!ewed by Dijkstra (1969) . That blended tallow and saturated fatty acids tended to depress fiber digestion to a greater extent than did flaked tallow is in keeping with the suggestion of Brooks et al. (1954) that fiber digestion was depressed only when feed particles were well-coated with the fat. Experiment 2 was designed and conducted in a manner similar to that of Andrews and Lewis (1970a) for purposes of comparison and to assess the need as was suggested for a 35-day adaptation period in fat digestion studies. The results would indicate no benefit from extending the preliminary period beyond 10 days, provided the fat supplemented diets are palatable from the start.
